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CHAPTER 3 


RESULTS AND DISCUSSION 


Data was successfully recorded on 22 of the 26 shots 


listed In Table 2.1 which produced EM signals. Of the 


four shots for which no data was obtained, one (Tanana) 


had such a low yield that the signal could not be detected 


In the presence of the high noise level* at the test site 


at the time. A second shot (Star Fish Prime) completely 


saturated recording equipment so that no definable trace 


was obtained. Two shots (Aztec, Sunset) were not re- 


corded because of miscoordinatlon in communications about 


event timing. 


The film data on 13 of the 22 recorded shots has 


been used to calculate field strengths of the EM pulses. 


Insufficient scope deflection, loss of calibration data, 


or improper triggering of the scope sweeps caused nine 


film records to be unreliable with respect to data 


analysis. 


Since the tape recorders used were of low quality 


n phase and amplitude response in the desired frequency 


auf?J station within line of site in bay where we sought 
«neiter after experiencing 57 -roll weather! 
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range, the tapes were not analyzed for EM signal 


strengths. The tapes, however, produced a considerable 


quantity of Information on spheric levels and other 


interferences one might encounter In attempting to 


differentiate an EM signal In the same time Intervals. 


Table 3.1 Is a resume of EM pulse records obtained 


by Project 7.1 during the tests. The tape and oscillo- 


scope records from each ship are listed separately. The 


figures listed by each record are of the traces which 


were photographed directly or transferred from a tape 


to film. 


Figures 3.2 through 3.19 are reproductions of 


oscilloscope traces of the EM signals of shots listed 


thereon. 


Signal strength Is listed on the figure 


alongside the trace. If scope deflection was sufficient 


to allow the calibration. The method of calculation of 


the signal strengths Is given below. (Also see Figure 
3.1.) 


1. NPM was used to calibrate the system at 19.4 kc 


2. NPM "at location" was measured with the ÜRM-6 
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field strength receiver. 


3. The Intermediate amplifier was essentially flat 


from 5 Ice to well attove 25 kc (Figures 2.5 and 2.6). 


4. The vertical whip signal as displayed on the 


scope represents the recorded equivalent level 


of NPM field strength. The actual Input Is 


modified by the whip's effective aperture, 


cable attenuation, and preamplifier gain. These 


factors do not enter Into the calibration 


except as they are frequency dependent. 


5. The effective height of the antenna 


He " fe^r sin2 {&) 
6 TTSln(^) * 


h - 12 ft, whip - 3.7 meters ^ 


Case "A" xc - NPM - 15.5 x 103 meters 


Case "B" x10 lec - 30 km 


ratl0 HeM^Vkij Ä 1-0 ^ithin ^ accuracy) 


The vertical whip is presumed to have an omni- 


directional pattern at these frequencies, although 


some variation was noted as the ships were 
rotated. 


6- The attenuation in 35 feet of RG-58/U is negli- 


gible. The cable capacity of 28.5 pf/ft Intro- 


duces a reactance of (lOOO pf). 
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Xc {19A kc) -^JJ— - -J8.2 KP 


X (10 kc) - yj- - -J16.2 KO 


I 


270 K ^ TXC © Antenna Z 


Ki - 2jl - the electrical length 


(19.4 kc) k - 15 x 10"4 


(10 kc) k - 7.74 x 10"4 


The antenna Impedance Is 


Z19.4 ■ l/2C(20)(k*)a -J 120 (ki)-:L(log |i -1)] 


- l/2(.000045 -J 39.6 x 104) 


» 45 jiohms -J 396*1^ 


Z10 - l/2(.000012 -J 76.8 x lQk) 


- 12 nohms -J 768 KP 


Thus, the ratio across this voltage divider at 19.4 kc and 


at 10 kc varies by only 2%. 


Figures 3.20 through 3.39 are photographic reproduc- 


tions of the signals recorded on tape during the test 


series. Although not of sufficient quality to allow 


amplitude and phase calculations, these data show character- 


istics of the signal as regards initial polarities, gross 


distortions, time duration, etc. 


In addition to amplitude calculations, the film rec- 


ords allow an estimate of phase distortion in the under- 


water signal. 
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The effective, equivalent depth of the electrical 


center of the antenna Is required before an attempt Is 


made to compare attenuation versus depth. 


First. The phase shift between the NPM signal Into 


the loop and Into the whip was measured, with the loop 


at the surface. This delay (whip to loop) was 1.66 usec 


corresponding to the cable length and velocity of prop- 


agation plus loop phase shift, which was not 90° as Is 


the case for an above-water or smaller antenna. 


Second. The NPM phase shift was noted as the loop 


was lowered. Correlation between the measured spacing 


from the surface to the top of the loop Is poor due 


primarily to wave motion and also due to the expected 


difficulty in predicting the electrical center of the 


underwater loop, since the maximum dimension of the loop 


Is 1.414 fathoms. 


Summarizing the data for two examples, Truckee and 


Swanee: 


- ,._ m NPM Bomb Signal 
Depth to Top Effective Effective 


of Loop Depth Depth 


TRUCKEE 2 fathoms+rlgglng 7.34 meters 7.834 meters 


SWANEE 2 fathoms+rlgglng «3 meter8 


* 3-to 6-ft swells (11-kc 


component} 
5.3o meters 
(9.2-kc 
component) 
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Using these same examples, the computations were per- 


formed as follows: 


TRUCKEE Depth/phase measurements 


Estimated depth: 2 fathoms to top of loop-plus 


rigging spacers 


NFM phase measurements: Inverted loop at depth 


phase lag, 35 lasec. Inherent loop fixed delay; 


1.66 lasec. The actual phase delay was, therefore, 


33.3^ kisec. 


Underwater phase velocity ■ 22 x 10 m/sec 


"0.22 m/|isec 


Effective delay depth »7.34 meters at 19.4 kc 


to electrical center - 23.4 ft w 3.9 fathoms 


Shot Signal phase measurements; 


Effective frequency: 5000 cps 


Loop at depth phase lag; 80 |jsec 


Fixed delay; 1.66 lasec 


Actual delay ■ 78.34 usec 


Phase velocity: 0.10 m/iasec 


Effective delay depth 7.834 meters at 5 kc 


SWANEE Depth/phase measurements 


Estimated depth: 2 fathoms ±3-to 6-ft wave motion 


(14 ft wave maximum). Inverted signal due to 
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direction of loop. 


First-signal t£ (peak(pos)loop) - J^ (peak(neg)whlp)» 


33.6 minus 1.66 lasec » '32.0 tasec 


Third signal t, - f3 ■ 38.5 minus 1.66 lasec « 


36.84 ysec 


Effective frequency cross-over time 


1 to 2-46.8 usec » 11 kc 


2 to 3-53.7 lasec » 9.2 kc 


Phase velocity - 0.166 m/usec at 11 kc 


» 0.150 rr./|isec at 9.2 kc 


v x t » effective depth 


(at 11 kc): 0.166 x 32 - 5-3 meters (17 feet) 


(at 9.2 kc): 0.150 x 36.8 » 5-52 meters 
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NPM(V ) 


f . 19 6 Kc 
c 
Q 


Above-Water 
• Loop 


Field Intensity 
Meter 


NPM ,, 
-»Volte/W vc 


Whip 


NPM ~ s 
(vc) 


f \ 
Pre-Amp 
0o(galn) 
Scope 
Presentation 


Scooe Volts 
cm 


x cm ^ v, 
c 


Output 
.Equivalent 
NPM - V• 
Volts/Mc 


Transient 
Signal VT 
Volts/M 
Pre-Amp 
OjJ (gain 
at ft) 
Presentation 


Sdope L^^P^ 
tupe »-►Equivalent 


of VT 
VJ 1 
vT 


Preq. Gain Correction* (^ x ScoP;mVolt3' x cm - V^ 


V" 
VT 
then ^rr x Vc - VT Volts/Meter of the Transient Signal 


'See Figure 2.5. This illustrates that the preamplifier was 
sufficiently flat so that G'/o «1.2. 


Figure 3.1 Schematic representation of calibration consideration (above water). 
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ADOBE - INFLICT 
up*mm (wine) ».i V/M 


COWCR (WHIP) 1.M V/ M 
• WM* SPlko ,o MMc/cin 


Figure 3.2 Experimental signal, film. Shot Adobe. 


TTTT 
\ x 


WTWT t^. 


■ 
»^ 


■»•T 
^^ 


J: WH wff w* J+Ji %»11 
t t r 
f*** 
«fwt ■wt* 


FRIGATE BIRD - INFLICT 
Ußßtm (WIRK) |.4 V/ M 


LOWKR (WHIR) I.« v/ M 


SWKKI» BPCKO SO MMC/cm 


Figure 3.3 Experimental signal, film, Shot Frigate Bird. 
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+&■$*&■}****■ uiiTiin 
4-t-H 
444 4444 4444 


YUKON - INFLICT 


UPPKN (WIND 


UOWKR (WHIP) 
• WKKP SPKEO W (IMC/cm 


Figure 3.4 Experimental signal, film, Shot Yukon. 
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»IU'»J ****** 


MESILLA - LOYALTY 


I.OWKR (WHIP) 


■WCCP SPCCO so (Mtc/cm 


MESILLA - INFLICT 


UPPKm (WIRE) 


I.OWCN (WHIP) 
swcEP SPCKD so iisec/cm 


Figure 3.3 Experimental signal, film, Shot Mesllla. 
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MUSKEGON - LOYALTY 


UPPER (LOOP) 


UOWKR (WHIP) 


SWEEP SPEED SO liiQC/cm 


MUSKEGON - INFLICT 


UPPER I.« V/ M (SMALL 


LOOP i-IO FEET DEEP) 


LOWER I.M V/ M (WHIP) 


SWEEP SPEED SO (IMc/cm 


Figure 3.6 Experimental signal, film, Shot Muskegon. 
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SWANEE - LOYALTY 


UPPER (LOOP) 4.2S V/ M 


(It PCKT OKB^) 


LOWKR (WHIP) 1.7 V/ M 


SWKKP SPKKD 100 (IMc/cm 


SWANEE - INFLICT 


UPPER (WIRE) 2.X V/ M 


LOWER (WHIP) I.S V/ M 


fWKEP SPEED 100 (H«c/cm 


Figure 3.7 Experimental signal, film, Shot Swanee. 
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CHETCO - LOYALTY 


UPPKR (LOOP) 


UOWKR (WHIP) 


SWKCP SPCEO M /iMC/cm 


CHETCO - INFLICT 


UPPCR (LOOP) .7» V/ M 


(23 TURN LOOP - 12 FT. OCPTH) 


LOWER (WHIP) .1 V/ M 


SWCCP SPEED SO MMC/cm 


Figure 3.8 Experimental signal, film, Shot Cbetco. 
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NAMBE-LOYALTY 


UPPKR ((.OOP) 


UOWKR (WHIP) 


SWCKP SPKKD JO Mite/cm 


NAMBE - INFLICT 


UPPCR (WIRC) 


UOWCR (WHIP) 


SWKKP SPEED SO |ii«c/cm 


Figure 3.9 Experimental signal, film, Shot Nambe. 
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ALMA - LOYALTY 


UPPCN (k.OOP) .7 V/ M 


(U TUHN L.OOP • rr, OCKP) 


LOWCM (WHIP) 
twccp spcco M Mi«c/cm 


3=s: 
•".ilH- 
1 •■' :=' 


ALMA - INFLICT 


UPPER (WIRE) 


UOWCR (WHIP) 


SWEEP SPEED SO (l»«c/cin 


Figure 3.10 Experimental signal, film, Shot Alma. 


63 


■'"■"W»»"—f—»" 


YESO-LOYALTY 
UPPK* (t.oop) 


LOWER (WHIP)' 
• WtKP SFCEO SO UMC/Cm 


YESO - INFLICT 
VPPtH (WIRE) 


LOWER (WHIP) 


SWEEP SPEED SO )i»tc/cm 


Figure 3.11 Experimental signal, film, Shot Yeso. 
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.... t \ i -i ■ I ■■; 


HARLEM-LOYALTY 


UßPtn (LOOP) ».4 V/ M - 


(U TURN LOOP »-10 FT. DKPTH) 


bOWKR (WHIP) a.t V/ M 


•WEKR SRKEO M )i«tc/cm 


,,,,»,. •(•(•" 


rrrrrrTTTrr^rrwrrr 


HARLEM - INFLICT 


UPPtn (WIR«) I.(2 V/ M 


LOWER (WHIP) 2.U V/ M 
• WEEP EPEEO M )iMc/cm 


Figure 3.12 Experimental signal, film, Shot Harlem. 
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RINCONADA - LOYALTY 


UPPKR (LOOP) 3.1 V/ M 


(U TURNS • rr. ^OCPTH) 


t-OWCR (WHIP) .IV/ M 
• WKKP ■RKIO SO MWC/CRI 


i :■ i r^ 
TTTT: 


RINCONADA - INFLICT 


UPPER (WIRK) I.3S V/ M 


UOWCR (WHIP) .M V/ M 


SWCCP SPEED SO (IMC/cm 


Figure 3.13 Experimental signal, film, Shot Rlnconada. 
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DULCE - LOYALTY 


UPPER (LOOP) 1.33 V/ M 


(23 TURN LOOP 2 FATHOM OCPTH) 


LOWER (WHIP) .32 V/ M 


■ WEEP SPEED SO filCc/cRI " 


DULCE - INFLICT 


UPPER (WIRE) .31 V/ M 


LOWER (WHIP) 


■WEEP ■PEED so fiiec/cm 


Figure 3.14 Experimental signal, film, Shot Dulce. 
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»-<«-«— 


PETIT - LOYALTY 


UPPCR (uoor) 


UOWEN (WHIP) 
sweep spcco so |iMc/cm 


/v—— 
•»-T 


PETIT - INFLICT 
uPPew (wipe) 
uowen (WHIP) 


■weep spccn so M'tc/cm 


Figure 3.15 Experimental signal, film, Shot Petit 
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OTOWI - LOYALTY 
urptm (LOOP) .42 v/-M 


»3 TURN LOOP 8-10 FT. DEEP) 


LOWER (WHIP) .37 V/ M 


SWEEP •PEED so fitec/cm 


/^- 


OTOWI - INFLICT 


UPPER (WIRE) .46 V/ M 


LOWER (WHIP) .23 V/ M 


SWEEP SPEED SO /J$ec/cm 


Figure 3.16 Experimental signal, film, Shot Otowi. 
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.:_a ..JL_.J i .. t. .«_ 


BIGHORN - LOYALTY 


UPPKm (UOO^) I.M V/ M 


(U TURN I.OOP t-10 FT. 0*€P) 


UOWKR (WHIR) 1.4 V/ M 


SWKCR SRKCO so Mt«c/cm 


i • irtf ? f• 


BIGHORN - INFLICT 


URRKR (WIRK) 2.2* V/ M 


I.OWCR (WHIR) I.M V/ W 


SWCCR SRCCO so iiitc/cm 


Figure 3.17 Experimental signal, film, Shot Bighorn. 
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BLUESTONE - LOYALTY 
upptm (1.00^) 1.01 v/ M _ 


(U TUHN UOO^ i-ll FT. OCPTH) 


SWCCP «PCKO so )iMc/cm 


BLUESTONE - INFUCT 
upptn (wme) .»V/M 


LOWER (WHIP) .M V/ M 


■WCEP SPEED M |llic/cm 


Figure 3.18 Experimental signal« film, Shot Blueetone. 
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PAMLICO - LOYALTY 


umptn (LOOP) .a* v/ M 


(U TURN LOOP. -10-11 FT. OCPTH) 


UOWCR (WHIP) .U V/ M 


SWKKR «PCIO M Mltc/cm 


PAMLICO - INFLICT 


UPPtm (WINK) 1.23 V/ M 


LOWER (WHIR) 1.2 V/ M 


SWCCP SRCCO SO (IMC/cm 


Figure 3.19 Experimental signal, film. Shot Pamllco. 
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ADOBE: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


• . 


ADOBE: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.20 Experimental signal, tape, Shot Adobe. 
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ARKANSAS: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed. 0.1 msec/cm 


Figure 3.21 Experimental signal, tape. Shot Arkansas. 
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QUESTA: 
USS INFUCT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.22 Experimental signal, Upe, Shot Questa. 
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FRIGATE BIRD: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


.*• 
i 


FRIGATE BIRD: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.23 Experimental signal, tape. Shot Frigate Bird. 
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YUKON; USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


YUKON: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.24 Experimental signal, tape. Shot Yukon. 
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MESILLA: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


t- 


.• 


•: 
V 
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ENCINO; USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.25 Experimental signals, tape. Shots Mesilla and Encino. 
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SWANEE: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


msut 


SWANEE: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.26 Experimental signal, tape. Shot Swanee. 
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CHETCO: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


r. 


CHETCO: 
USS INFLICT 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


S 


Figure 3.27 Experimental signal, tape. Shot Chetco. 
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NAMBE: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.28 Experimental signal, tape, Shot Nambe. 
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ALMA: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


\ A 


'' A/ 


ALMA: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.29 Experimental signal, tape, Shot Alma. 
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TRUCKEE: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


TRUCKEE: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.30 Experimental signal, tape. Shot Truckee. 
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YESO: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


YESO: 
USS INFLICT 
Upper-wire, lower-whip 


Figure 3.31 Experimental signal, tape. Shot Yeso. 


k- 


84 


V.- \ 
X- X. 
> 


. ■ 4**- . 
■::-xx--:X:.>::x 


1 


s , 


HARLEM: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


HARLEM: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 rnsec/cm 


Figure 3.32 Experimental signal, tape. Shot Harlem. 
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RINCONADA: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 maec/cm 


RINCONADA: 
USS INFUCT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.33 Experimental signal, tape. Shot Rinconada. 
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DULCE: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


DULCE: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.34 Experimental signal, tape. Shot Oulce. 
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PETIT: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


PETIT: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.35 Experimental signal, tape. Shot Petit. 
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OTOWI: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


OTOWI: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.36 Experimental signal, tape. Shot Otowi. 
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BIGHORN; USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 
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BIGHORN: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.37 Experimental signal, tape, Shot Bighorn. 
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BLUESTONE: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


BLUESTONE: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.38 Experimental signal, tape. Shot Bluestone. 
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PAMLICO: 
USS LOYALTY 
Upper-loop, lower-whip 
Sweep speed, 0.1 msec/cm 


PAMUCO: 
USS INFLICT 
Upper-wire, lower-whip 
Sweep speed, 0.1 msec/cm 


Figure 3.39 Experimental signal, tape. Shot Pamlico. 
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CHAPTER 4 


CONCLUSIONS 


The data accumulated on the EM pulse generated by 


the series of shots In this test are sufficient to 


confirm the feasibility of an IBDA system. The desired 


Information on the effect of air-water phase shift and 


attenuation on transmission of VLP signals Is readily 


available using the recorded data. 


Equipment limitations Influenced the majority of 


data taken; nevertheless, the objectives of the program 


were fulfilled. If such a measurement program were to 


be undertaken In the future, sufficient lead time should 


be made available for the preparation of higher quality 


equipment. 


The results Illustrate that a submarine can be a 


useful observational station for detecting not only the 


self-launched nuclear weapons but could also detect 


other nuclear bursts. This has operational significance 


In cases where Information on nearby nuclear action 


would be of value to the operational submarine. 


The decrease In noise level for underwater antennas 


Is very significant and results In further optimism 
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regarding the depth to which underwater antennas could 


detect the relatively strong nuclear signals« This 


nols^. reduction was not observed on the long, floating 


wire antenna. 
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